The endospore of Bacillus polymyxa was originally described by Meyer (1897) in a study of a bacillus which he designated Astasia asterospora. Meyer's drawings of the spore, showing ridges and the star shaped aspect, were reproduced by Knaysi (1951) over the name Bacillus asterosporus. It has not been generally recognized that this name is synonymous with B. polymyxa (Smith, et al., 1952) .
The endospore of Bacillus polymyxa was originally described by Meyer (1897) in a study of a bacillus which he designated Astasia asterospora. Meyer's drawings of the spore, showing ridges and the star shaped aspect, were reproduced by Knaysi (1951) over the name Bacillus asterosporus. It has not been generally recognized that this name is synonymous with B. polymyxa (Smith, et al., 1952) .
So thorough were Meyer's light microscope studies on the morphology, development, sporulation, germination, and cytochemistry of this organism that little need be added to them; however, the electron microscope and the ultramicrotome have given us a better picture of the finer structure of the endospore than was available to Meyer.
MATERIALS AND METHODS
Endospores were obtained principally from B. polymyxa strain N.R.S. 1312. All of the cultures used in this investigation were obtained from the N. R. Smith collection at the Institute of Microbiology, Rutgers University.
Spores were produced on potato starch agar (Smith et al., 1952) by inoculation on the entire surface of the agar in petri dishes and incubating at 28 C 8-15 days, or on slants when smaller amounts of material were required.
For studies of intact spores, the surface growth was suspended in sterile, distilled water with the aid of a swab. For ultrathin sectioning, spores were harvested in buffered saline and processed according to the method of Birch-Andersen and Maal0e (1953) , except that fixation at 37 C in buffered saline and osmic acid was prolonged to 18 hr at the suggestion of Dr. George Chapman.
Sections were cut on a Sj6strand microtome fitted with a holder for glass knives.
Metal shadowing was performed with chromium at an angle of 25 degrees.
Electron micrographs were made with an 1 Present address: Department of Sanitation, Rutgers UJniversity.
RCA, type EMU-2 microscope, using a stereoscopic specimen holder when appropriate. For stereoscopic electron microscope studies, the unfixed spores were freeze dried by placing a drop of the spore suspension on a slide on the parlodion film-copper screen assembly. The slide was prechilled on a copper block partially embedded in solid CO2 so that the suspension froze immediately on contact. The copper block and slide were then placed in a vacuum dryer and the ice sublimed from the spores before melting occurred.
RESULTS
The best method for the clear detection of spores in these cultures with the light microscope was to mount a drop of cell suspension on a common slide under a coverslip. The structure was more distinct with the conventional optical system than with phase contrast.
As seen with the light microscope, the structure of the unstained spore conformed to Meyer's description. It consisted of a rather thick, cylindrical body (figure 2), sometimes thicker around the middle, and displaying 3 or 4 deep grooves or ridges laterally. The ridges were straight or slightly twisted into a helical curvature and varied in number, usually 8-10. When the spore was viewed on end, the radially projecting ridges gave the impression of a many pointed star (figure 3). A more refractile rodlet, or ellipsoidal body, the spore proper, occupied the axial region ( figure 1) rather good optical conditions, it was of interest to know whether the spores were recognizable under less favorable conditions. Using an ordinary student microscope equipped with a 97X achromatic objective of 1.25 N.A., lOX oculars, and a small substage illuminator, the spores could be recognized without using immersion oil on the condenser lens, provided a little attention was given to the adjustment of the light source and substage condenser. Better results were obtained by. using immersion oil between the condenser lens and the slide and attempting to approach K6hler illumination. It thus appears feasible to use the spore in routine identification.
Simple basic dyes, used in concentrations of about I per cent, the gram stain, and spore stains using hot carbol fuchsin (figure 4) obscured the grooved structure completely because of the intensely stained outer layers. Furthermore, considerable deteriorationi of the characteristic appearance was caused merely by drying the spores on the slide. Additional damage was caused by heat fixation. Very dilute solutions of basic dyes introduced undeir the edge of the coverslip of wet mounts (3 or 4 drops of crystal violet, 0.01 per cent aqueous) stained an outer portion of the spore distinctly without harming the appearance. On inereasing the concentration progressively, the grooved spore coat, which Meyer termed the exine, became completely obscured by the dye.
The presence of the exosporium, oIr the most external sac surrounding the spore within the sporangial cell (Lewis, 1934) , was not detected around the free spores until darkfield observations gave the idea that a thin membrane of low refractility was present outside of the exine. By resorting to Dyar's (1947) cell wall stain, it was seen that the Congo red was precipitated at a distance from the exine, thus indicating the presence of a barrier (figure 5). The presence of the exosporium was directly verified with the electron microscope. The slime and autolytic residue which interfered with observation was removed by suspending the spores in 0.1 per cent NaHCO3 overnight at 4 C, followed by washing 3 times in distilled water. The exosporium was clearly visible 
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in chromium-shadowed preparations, especially around the edges of the spores, where it could be seen as a transparent veil stretched over the projections of the exine (figure 7). The spatial arrangement of the structures was more clearly visible in stereoscopic pairs of micrographs (figure 17) , in which the exosporium could be seen standing away from the exine. In sectioned material, the exosporium was visible only as an extremely thin, irregular layer holding back debris from a conspicuously empty space surrounding the exine (figures 13 and 15) . The exosporium was indistinguishable in structure from the debris in the sections and would have been overlooked had it not been so clearly visible in the stereoscopic preparations of intact spores.
The ridges traversing the spore could be seen through the exosporium as large wrinkles, or folds, as though the spore had shrunken inside its coat in the process of maturation. Figure 8 shows the surface of the exine clearly on a ruptured spore coat. Ridges previously were not seen at the poles where the planes of the folds intersected (figures 8, 9, and 11). The composition of the exine was revealed by sections to consist of at least 2 layers, and probably of 2 only. Some of the apparent darker laminations at the edges of the 2 layers seem to have resulted from the accumulation of osmium at interfaces and from incomplete penetration of the osmium into the dense material composing the layers.
The outer layer of the exine was much more voluminous than that of the inner layer which was completely in contact with it. This outer layer was seen as a series of regular folds which projected prominently above the surface (figures 12, 13, and 15 ). The inner layer was approximately equal in thickness to the outer layer (0.04 A) in the sectioned material, but unfolded and was approximately ellipsoidal. The spore was contained in the lumen. Figure 6 shows a broken exine with the spore exposed to view.
Surrounding the spore protoplasm (endosporium of Lewis, 1934) was a clear layer of low contrast, about 0.02 i thick, which appeared to have resisted darkening with osmic acid to a great degree (figures 13, 14, and 16) . This layer was designated the intine, or spore coat proper, by Meyer. The spore protoplasm exhibited uneven density both in sections and in intact spores. In sections, one or two pale areas were seen in the darker matrix. These lighter areas were shown by Robinow (1953) and Fitz-James (1953) to correspond to the chromatinic elements of the spore. The 2 pale areas in the protoplasm shown in figure 10 correspond to the paired refractile granules sometimes seen in intact spores with the light microscope. The organization of the spore protoplasm was otherwise so indistinct as to prevent drawing further conclusions concerning its structure.
DISCUSSION
At first sight the endospore of B. polyrnyxa appeared to differ radically from the spores of other members of the genus Bacillus; however, comparison with the electron micrographs of Robinow (1953) and Chapman (1956) shows that the differences are more a matter of degree than of fundamental structural dissimilarity. The most prominent characteristic of the spore of B. polymyxa is the conspicuously grooved exine. This structure bears considerable similarity in thickness, layering, spatial relationship to other spore coats, and in strong affinity for osmic acid, to the wrinkled spore coat of B. megaterium (Robinow, 1953 ) and the somewhat angular spore coat of B. cereus (Chapman, 1956, figures 17 and 19) . Although Robinow's sections of B. megaterium did not show an inner spore coat, those of Chapman clearly did. It is uncertain whether this inner spore coat is homologous to the intine of B. polymyxa or to the inner layer of the exine. The inner spore coat would appear to be more closely related to the intine because of its more homogeneous texture and apparent lesser affinity for osmic acid.
The development of the endospore was not studied with the electron microscope because of the sparse and slow formation of spores. Swollen sporangia were present in such small numbers at any one time that the probability of finding them in a mass of sectioned cells was exceedingly slight. They were not identified with certainty in these sections although an effort was made to obtain immature sporangia. Manipulation of the cultural conditions and media were of no avail in remedying the scarcity of immature stages. The mature spore was surrounded by a very thin layer, the exosporium, which was invisible with the light microscope. Within the exosporium lay a thick, rugose, double layered exine which gave the spore its characteristic appearance. Inside the exine, surrounded by a closely fitting layer (the intine) lay the spore proper. The characteristic morphology of the spore may be utilized under routine microscopical conditions for identification of B. polymyxa.
